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Abstract 
We studied and analyzed the design of line source electron gun numerically and verified results 
experimentally. A minimum beam diameter of 0.9 mm is achieved in the post anode region at a distance of 20 mm 
from the centre of cathode surface. Simulated and experimental results are in good agreement showing the maximum 
focusibilty, emission and beam uniformity throughout the emission surface. The gun is simple without any magnetic 
field and extra biasing to the focusing electrode. The gun is extremely useful for all type of metallurgical applications 
in general and for surface coating and surface modification experiments in special. 
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Introduction 
A line source with an aspect ratio greater than one is an efficient source for material processing. 
Line source produces a higher total beam current and adequate resolution in the narrow direction because 
of its large physical size [1]. It is also the best suited equipment for the heat treatment of large surface 
areas and coating of large substrates as well at very fast evaporation rates. These types of electron gun are 
commonly used in large scale vacuum metallurgy plants for melting and metal vapor coating of large area 
surfaces. Other applications of line source electron beam guns are chemical transformation of thin films, 
zone melting re-crystallization, annealing of amorphous As-implanted silicon and re-growth of ion 
implanted amorphous silicon [2, 3, 4, 5, 6, 7]. Numerical simulation techniques play a very vital role in 
the design and optimization of the charged particle components and systems especially for the above said 
guns. They enable to reduce the costs of system development and optimize its working conditions [8]. In 
this paper, we simulated the line source electron beam gun reported earlier in our work [2]. The results 
are presented and improvements are suggested. The gun is in use for metallurgical and surface 
applications including evaporation, coating and surface modification [2, 3]. 
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2. Theoretical Considerations  
For simulation of electron beam guns laws and equations describing generation and emission of 
electrons from cathode, electric and magnetic fields and trajectories of electron beams are given in 
(Equations 1-4). The basic emission laws are used to describe the generation and emission of electrons. 
For the case when electric field extracts all the thermally generated electrons then the emission current 
density is given by Richardson Dushman's law,
           (1) 
Here A is a Richardson’s constant with theoretical value 120 A/cm2k. While I  is cathode work function 
and T is temperature of cathode. For space charge limited emission, the emission current density of 
electrons is given by Child’s Langmuir law as [9-10],
             (2) 
Where C is Child's constant  is the potential difference between cathode and the anode lying at a 
distance d. Maxwell's equations (Equation 3) are used for the evaluation of electric and magnetic fields. 
Maxwell's equations describe the relationship of charge density ȡ, current density j with electromagnetic 
field potentials and with field strengths E and B, as given below [9-10], 
 
          (3) 
   
For electron gun simulation Maxwell's equations are solved numerically. For problems including space 
charge and beam intrinsic current density, finite element method is mostly used. In this method the whole 
space is divided into  small finite elements due to which it is possible to solve the Maxwell's equation at 
the nodes of these finite element instead of solving it in continuous space i.e. only at these nodes the 
values of potential are calculated. So the Maxwell's equation is converted to a set of linear equation. 
These set of equations include one equation for each finite element having one unknown variable for each 
corner point (node). Then this set of equation is solved by using algorithm of standard linear algebra. 
Electron trajectories are calculated by using equation of motion of electrons [9]. Lorentz force equation 
(equation 4) given below describes the motion of charged particles in electromagnetic fields [9-10]. 
 
            (4) 
 
For the computation of electron beam trajectories, the standard algorithms employed for solution of 
ordinary differential equations are used. For this step by step tracking of the electron's path beginning 
from the cathode is done and to find present value of Lorentz force the confined electromagnetic fields 
are used. While recently adopted algorithms use field values at different points along the existing position 
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of electron to get an accurate solution and step width along the trajectories is adjusted automatically to 
maintain the overall accuracy [9]. 
3.  Model of the Gun 
The electron gun which we are simulating is a directly heated thermionic line beam source 
electron gun. The line shaped cathode is made up of Tungsten wire having diameter 0.9 mm and length 
up to 140 mm. It is fixed at its position by Molybdenum clamps and blocks. The anode and focusing 
electrode are made up of Tantalum plates having 1 mm thickness. With acceleration voltage of 10 kV, 
cathode to anode distance of 6 mm, focusing electrodes spacing of 6  mm and anode slit space of  7.5 mm, 
beam profile of  (1.25 u  120) mm2 was obtained [2]. The model of the line source electron beam gun is 
given in Figure 1. 
 
 
Figure 1. 3-D, View of the Electron Gun Model Used 
4.  Results & Discussions 
We have numerically simulated the line source electron beam gun and obtained the optimized results with 
the following parameters; cathode to anode distance = 6 mm, anode slit spacing = 2.5 mm, focusing 
electrode spacing = 4.3 mm, anode to focusing electrodes distance = 3 mm, cathode to focusing 
electrodes distance = 3 mm. The potential applied to the electrodes are, cathode = 0 V, focusing electrode 
= 0 V, anode = 10 kV. As a result the obtained trajectories of electron beams are shown in Figure 2 below.  
 
Figure 2. Simulation of Line Beam Electron Gun 
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From the figure 2, it is clear that beam focuses in the post anode region. The beam diameter measured at 
20 mm from cathode surface is 0.9 mm. Beam is well focused. There is no scattering and dispersion of 
the beam at the minimum beam diameter. Also beam is not striking with any of the boundaries in the way 
and there is no thermal load to the anode as well. 
The following figure 3 shows the variation of beam diameter with change of focusing electrode spacing. 
By the increase of focusing electrode spacing the beam diameter also increases. We obtained an 
optimized beam at focusing electrode spacing of 4.3 mm. 
 
 
Figure 3. Effects of ‘focusing electrodes spacing’ on beam diameter 
The variation of beam diameter with cathode to anode distance is shown in figure 4 below. 
 
 
 
Figure 4. Effect of cathode to anode distance on beam diameter 
From figure 4, it is clear that with the increase of cathode to anode distance the beam diameter decreases. 
Minimum beam diameter in the post anode region is obtained at cathode to anode distance of 6.0 mm. 
In the following table we compare the parameters and results of experimental line source electron beam 
gun [2] and the simulated line beam source electron gun (Fig. 2). 
 
Table-1. Comparison of simulated & experimental results 
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Parameters Line beam e-gun [2] Simulated e-gun
Cathode length (mm) 140 140 
Cathode diameter (mm) 0.9 0.9 
Anode Slit spacing (mm) 7.5 2.5 
Focusing electrodes space (mm) 6.0 4.3 
Cathode to anode distance (mm) 6.0 6.0 
Anode thickness (mm) 1.0 1.0 
Acceleration voltage (kV) 10 10 
Beam Diameter (mm) 1.25 0.9 
 
5.  Conclusions 
Our simulated results are in good agreement with the experimental results showing the 
maximum focusibilty, emission and beam uniformity throughout the emission surface. We have obtained 
a well focused line beam of 0.9 mm diameter in the post anode region at a distance of 20 mm from 
cathode. There is no scattering and dispersion of the beam at the minimum beam diameter. Simulation 
made the gun simple without any focussing and biasing to the electrodes. 
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